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| SUMMARY 

An esxperimertel invectizetion cf a 73 
Navion type airplane wag undertaken to dJetevymine the 
fessip* lJty cf using static flleht test methode to find 
the aircraft'a direeticnal and latere] static stehnllity 

A 
derivatives. It was alac desired te fint the veriation, 
if any, or these Jevivetives with aircraft velocity, power, 
and conflzuretion. No attempt was nade to determine any 
of the “aiynemic derivatives, since tra tyre of testina is 
nct tegizned to yield these derivatives 7. 

With the aircraft ¿inatrumentel to res1 rudder, 
alls=sron, siñes!líp ond roll anwtles, assymetric rollin* ana 
yawinz moments were ատա to Jetermire the nrimary 
Bend secord^ry control momenta. 3y ۳۱۷۹۳۶٢ streicht gi 27 
runs with ٥د‎ rolling moment Aue to a bomb kurz on the wing 
tin, end cromparipz the-e with runs mede without the bom», 
ue primary Plloron power ja gagi Ly found. "inllzarly; 
streight cide-"io runs with a target tow sleeve on one 
wine tin creating a yawinz momert will lerd to the rudder 
Sornturol power, 

The sacond*ry control moments cen ve "jrectly 
determine? *rom the atready state equations of motion, or 
ου. 93 rom the primary momente by the use of peo- 
metric meagurenerta of tre aircraft. 

Knowinz the prims-y aná secordery control moments 


the basic lateral and Airectioral etetic etevrility Jerivatives 





are found from the ecustiora cf action in straight side- 
Lip rurs. 

"he flirht resenrch “regram clearly iniiceted 
that this Lyre of testing was readily adsptable to this 
class of aircraft. The results obtained were readily re- 
pertahle on seperete flisnts. 

Definite chanzes in tne conputed der'vatives 
were fourd with tre programned speed and power conditions 
which pointed out the necessity of conductirz this type cf 


brosd coverage licht test program. 





DATE WINSTON CF FE ο ο ο ՆԱՌԱՆ 
( ده الله د تا ١ه سل ان دن‎ ı DRAN 


MIR PIAR SY رور‎ παω ΕΕ τοι ο να 


INT 07 a 

Since orld “War JI, there nos peen η trend 
towarja the use ^f flight tasting ae a mesna of obtain- 
inz or checking the stohility derivatives of airplanes. 
The high cost ond doubtful accuracy of results 436 
from large secale, high speed wind tunrels h>s miven 1m- 
petus to this means of testing. Jt ia the ru^pos^ of 
this-investiaction to determine tre feasibility of apply- 
ing some of the recently jJeveloned methnoits of obtaining 
Btabi ity derivetives to a Llizht sirplene. 

To deduce en airplere'’s aerodyramiz character- 
istics from e 21Խ65ո flignt test, it ia usu2lly recessary 
me =rejyze the resronge cf the sirplane to its various 
controls. The "major methods now in vee deal with the 
dynamic response o? the γρ! to itecontrole ny eitner 
Steely oscillation technicues or hy trensient ree" onse 
techniques. Fowever, certein of the lateral atenility 


derivetives can be ohbtrined from roredynamic stearty re- 


anonses to the airnlere'sa controls. 





The advert>ges of this method cf testinz are 
fairly obvious. Dynamic resnonse techriques normelly 
requ‘re extensive instrumentation to measure thə rampn443 
motions of tke airplane. The accuracy of any deternin»- 
tion jis tnerefore a function of the accuracy of the in- 
strumentetion "τη a knowleize of the airplane's mass and 
complicated inertia charecteristics. Steedy, non-oscill- 
atory response technirues sre not susceptibla to many of 
the inherent a’fficulties exneriarced in dynemic testing. 
Therefcre, if the airpisne is not seyerely l1Imíted in er- 
durerce, many of the laterel derivatives can be obtained 
with srester accuracy snd at much less cost by these 
means, 

In this report, the methogs for ohteinine and 
enalyrinz flizht test curves for the static lateral sta- 
bility dJerivatives rre A'sezussed. In particular, it 
Aealg with methods of obtaining aileron power, چ‎ / 


rudder bower, € و‎ secondary cortrol moments anà forces, 


“hee, 


and 5^ » directional sta™jlity, Cy, ， 


Yin 
dihedral] effect, Cig» end side force derivative, Οσα" 


z @ 
ο 5, 


The parameters sre ietermined at varying speeds, power, 
and aircraft corfigurations to ascertain what varirtions 
oc una 

The investigetion was conducted iuring the 


spring of 1955 by Tieutenart R. P. Smith, USN end 





Lieutenant I. ". Vogt, Jr., USN, while stutiyiniz under the 
Department of Aeronzutjcal Enzireerinzs of Princeton 


University, Princeton, New Jersey. 


DT ST Gar?) aR Y 
The equations of motion of airvlere Intere] 


dynamics, using stability (wind) axes, are 
L ls - 20% + @ gu 64. 4 = Ç (a) 
c e (mz or +» (20-5070 
| tu Cy, Se +p Cy, =O (b) (I) 
Cap 2 + (S- J, 0) ov + (S38 D+ 9x, 0°) 


er Ed (e)‏ وور رن 
In con@ucting steamy @t-te 17 bod ria nt,‏ 
O ,1t 1s conventent to‏ خد ئه لځ -د#دم testing, where‏ 
use the time derivative rather then D¥, the non-‏ 
yew rate. Impcsine the steady atate conii-‏ 2116۱91601۶51 
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tions, the ecuaticrea cf motion become 
Ç V 4 
Cus B U; 1Ο 2 E Ca O (a) 
b ) ーッ 
Cro B+ Chat + ۴ ما‎ & の (8) (2) 


. E 6... ἢ 2 V É E + Co da "o (c) 


In these equations there are five varjables 《 A. Ø, de, 2) 


In steady state Flight testin: methods particular 





variables sre eliminated "y svecial flight menuevers. 

The three possible manuevers are the perfect եսբո (ԹՀ Օ), 
the straight 65446514թ (ՀՕ), and the skidding turn 
(9-0). 

The perfect turn and skidding turn maneuvers 
are primarily used to determ'ne the demping derivatives 
Շրբ and "lp? and the cross derivetives σὴν An? np’ 

These tests were not corducted. 


Yor the straight sides’ip maneuver, the eaua- 


tions (2) reduce to the followinz:. 


と っ 。 G + C. 0 Ի Cus, Ego (am) 
BE tOr όν Ch تسه‎ (6) GJ 
Cn q 6G E. E. da E = X. ác = O eo 


The sirplare was instrumented so that the 
variables (3, 0 dy ond da, could be recorded and the co- 
erficient Ur determined. 

The secondary control moments are expressed in 


terms of the primary moments as follows: 


a | E t 
Cs, = K, a Ki E Mer» (4) 
"INS Aq Ka = دوو‎ (5) 
em E ար CE | (6/ 


da 
where 5 15 the winz Spen, ly 3)s the hor!rontel distance 


Irom the airplane's c.g, tô the centroi3 of the vert-^cal 


teil and hy is the vert onl dietence from the airplane's 





X axia to the centroid of the νου σοι tail. 
Rewriting the eauations (45), tie final working 


form was obteined. 


CyB +d + Ki Cay Sa o Y (a) 
ա ՒՇ ՓԻ ՃՇ, Փ-Օ (b) (7) 
er, Թ E CS όν F Ks Ces. da ՀԾ (c) 


To determine the primary control moments, two 
krown toruues were applied to the aircraft and the control 
movement recessary to overcome this torque waa " 1γ cr 
verted to control power. To ‘eterm’ne 10° the rolling 
moment due to eileron, s known weisht was hun- on the 


left winztip. This introduced a known rol’ing moment co- 


E ՀՈ. T 


The yawírz moment due to »erodvramie drag of this weight 


efficient 


wes c^loul95»te3i to ^e nezlicible. 
In wings level flizht ( の = O), the rolling eauil- 
ibrium eusation from ան) bna (E) Ws 
πμ + Ces. da + が E Et GR =O (7) 
At zero sideslip then, the ailerons must he Jeflectei a 
|| που anzle with t®e introtuctioan of “la Mor A vars. 
υπο mation the seconiary ortrol moment, K, μος, da 
NE Z ES θα] Lo sero. Thus the aileron cor Tol power 


WAS 





NC E 
Ce; - A da τ 


The rudder control rover 7n s waa 3etermineda 
^L 





by 411760300178٤8 2 Known yawing moment abcut the airplane's 
7 axis and balancing 1 も DV rudder deflection. 


Using a strain gaga jnstrumerte3 tow target 


sleeve attecned to the wing tin, the known yawinz mcment- 


IE rs ի 
was ES = ー プ | (T) 
The yewing eouilibrium ecuation hecane 
LEN € Cot KO s o Cni Te (12) 
Test dota ot >ero rileslip, sleeve on and off, gave the 
difference cf rudder deflection required. Gonsiderins ag 


a firet eopreximation that the aileron adverse yaw, 


Ki Cp, da y Was zero, tre rudder power was 
x Cn, + = = (13) 
sr A Z. 


Xeturning to the essymetric weiznt test, the 
4iffererce of rudder ang'-s renuired for trin between 
weight on end off js ?ue to the yawing moment cf the edd- 
4ticno] ~i teron deflection. From equation (7c) 


Emp 15 Cup, d t As Cy de =0 


can now be. solved for Κα, thus: | 


A, _ _ tm. A da (14) 


όρια A $a 





iteration of tne coefficients دوا‎ and of 


3 
n< 
Ks was used to obtain the most seccurate answers for the 


data col*tected by the followinz ecuations: 


e = ee --. | (15) 


c - 一 Ema 一 Lt Δ δα (76) 


Finally, the three secondary control moments 





Cy £ ° Tlga nA σης can be obtained from esuations (4), 
(SUR sena (6). 

Knie the primary snd secondary control moment 
een, the ee Ske ty derivatives, 
γρ” a2 and Ing were deternined from the streizht 9306- 
s11p equations (78), (T6), and (TG). The 16668 of նոն 
flight test Aata curves through zero sídes*ip are used in 


the following eovaticns to determine the static lateral 


and directional derivativea. 


a Անա I: 

Ը. - L Jp K, Cn ga Jg (a) 
E TONER 

s» y C, IR Ka nga Se (5) (17 
= — IS, ん と. Asa 

e. ms, 5 As Cos Fe (α) 


EQUIPMENT AMD PICTEDURES 

The test vehicle used to obtain flight deta was 
a iysn Pevicn, N5115K. This is a fecur-nleace transnort 
powered by a 205 HP “ontinentel engine. The aircraft wes 
stenierd in configuratior except fer the modifications 
move fcr these tests, and 1s pictured in Piece. 1, 2 ογὰ δ. 

In orier to mount the ecuipment required to place 
known rolling and yawing moments on the aircraft, two steel 
luzs were fastened to the outermost stifferine rib of each 
wing. To each of these a starderä U, 3. Navy Mark 8 ^omb 


shackle was ettached. These shackles are menuelly onerated 





and were activated by steel cailes led throush the wing 
ο ρου Ccockeat Miss). 

A boom with a yaw vane ettacrei was mounted so 
as to exterd forward from the left wingtip lugs (Fig. 1). 
“ovemert of the vane ener-ized rn autosyn tra smitter 
mounted within > streamlined srape,. This boom was aufficient- 
lv long so that it was logical to 6088 that the vene was 
not affected by the aircraft pressure field. ‘Another boom 
exterded ^ft from the ricnt wing tip lugs. This was used to 
auprort the equipment reauired to zive 2 krewn yewine moment. 


Fig. 3 shows this errengement. 


a "homh", ectually = stream*ined srane a-de cf stock rteel, 
was Coor3e3 on eacb soh shackle for takeoff. Although 

t ese bombs weiche approximately EO noun?^s erch, no undue 
stress concentratjon wrs ncticei Juring trkeoff or during 
any maneuvers. After takeoff, the right bomb was 3ropoed, 
and a series of teats mode with tre known weicht (7? 1ԵՑ., 
5 ozs.) on the left winctip. (Al) tekeoffs end ۳٩٩ 
were made witt symmetrical loads since trere was some doubt 
if the alrcrnft woult hewe suf*iaient nileron power at low 
ereeds in the unbalanced conditicn. Tt is felt that this 
was unnecessary.) Tren tae hom on the left wingtip was 
Aronred and the a-me "T TT. in tne clesn corfisuration. 
Jn thia wey, dunlicetion cf +*tnosoher”ic cond'tiona wes o5- 


tained. 





To determine On, , a "tanderd U. 3. Mavy Merk 
ο; ος, ՊՇ Poot tow target’ 3zleeve wea towed behind the 
right winetin. Criginally, takeoffs were made by stretch- 
ing 450 feet of nylon line, with the sleeve attached, ahead 
of the airplane. ^ maximum perf 'rmance t>keoff was mode 
and the tarzet "snatched" into the air. Power limitations 
of the eirerrft coupled with the rougnness and snort lenzth 
of the field orecluded any successful "snatenes” without 
approximately 10 knots of heräwind. | 

These limitations finally caused n redesign of 
the ^ystem to that shown in “ig. 2. Jn this system, the 
target wae fastened to the rear cf the fuselage with 150 
feet of line and the remainier of the line looned from the 
tail to the winstip. After takeoff and ei' jmb NÉ the tail 
attachment deint was relenras2d an3 the terget supported by 
the wingtip. 
| Some dj)ffeulty was exrerilen2ed on several test 
flignts when the tow target started to oscillate and rotate. 
The only #pparent cruse wes that the tarzet was in the wing 
vortex trail. By placing a five pound welxtt on the tarzet 
Support rine, this Tifficulty was alleviated. 

To meesure the drag of the terget a atrain gage 
ԱՆ was dJegigened ard placed 'Sirectly eft of the boom, 
Hlectricel wires were led through the wing structure and 
readings made on e 3aldwin 3R-4 strain coge box in the cock- 


pit. Jmuediately aft of the strain mage 2 "pelican" type 
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relesse ho kK waa attached with en sctivatine ca le led 
into the cockoit. The teoremet wes re’egeed orfor to lan?- 
ínz 9nd cn 5]?! unsuecea^ful "anetchesa". Tig. 3 shews the 
կարն wingtdp sr rara it. Tt wee found absolutely essen- 
tj^] to have a devendable resrinz in the line to take out 


any twist ceused by rotation of tre werzet Ir the alr. 


on 


(ο 


e nesin the seme testa were run in the tlean corfirurn- 
Mier ἦτ order to jtunlica*+e atmogpnemic conditions. 
1 To mersure control 31676 167۹٩ one sutoayn tr^na- 
mitter wes mourted on the cudder surface rri erother on the 
Milaren contro! cshle. This eumigment weg srouná crlibrstel, 
τὸ I8.irterestirz to net= that only differences and slopes 
of 2°71 merrured cuentities were use” in the computetions. 
Telo it wae rot recesasary to 31661۳6 seeurstely tbe 

i 
ero Dcirts of cor tral 3eflej;tjons om sj3emlio indications. 
\ stanriari double reeile rutosyn receiver-irdjizetor was 
Buntes ir tre cockpit Amada with suit^5J)e shep-up pulleys, 
rite 11112507 teflections were obtained for amall control 
Het leoticne. 
»lnee inese térta were >beiírz corlueted corcurrently 


with encther series or the sirer Tt, sideclip ٢۹ 59 


were obtained oy converting the autosyn transmitter cutnut 


4 


to ο ἀὐγτροοῦ <surrert voltase. Resdirss were Lien nede on a 


.- 


airect current voltmeter. 


A Steninri jireclinometer wns mounted in tke crokp3t 
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= rpenäjculer to 56e roll axis of the eircraftein order 
tc read roll anzle. With proper shock mountings to damp 
out high frequency vior-tions, this gave very aatiafactory 
results. 

zven though the prin?ry purnose of this investi- 
zetion was to ñeteraine tke feasibility of obtaining certain 
of the letereal and directional atehllity Jerivetives by 
static Flight teat menns, the vrriatien of these ams tes 
with aircraft sneed, power, and (lap deflection wae ”180 Te- 
sirei. To 2®ecomnlish this end, seven serios of tests were 
mode. With power for level flight, tests were made at ՔԸ, 
100, and 120 mites ver hour. For the three testa made at 
each ane=d, i.e. assymetric welgnt, ngsymatric graz, gnd 
clean, tre engine 59654 was keld constart, 1800 rpm for 0 
non, 1907 rom for 100 ron, ard 2000 rpm for 120 mob. The 
game series of tects were then conducted ե ՔԸ, 100 and 120 
SST with maximum continuous power aorliei,. For this aircreft 
meximum cortinuous power is lieg d as 25 insher manifold 
vresaure ara 2300 rom. Jn these teats of courae, the nir- 
craft climbed. In addition, a series of testa were made al 
maximum continuous power with full flen ief’ecticr. results 
of al! tzsts are shown on "iz. ^4 throuzn Fiz. 17. 

In a1) corfigcuraticns, the dicts desired wes da, A 

の 


and O ot various sy les of sideslin,fP. Phe sagt method to 





obtain data wag to deflect the rudder ard ston the aircraft 
from turning by deflecting the aileron. Then readings were 
taken. Ir addition drag resdings frem tue strein zege box 
were teken for the runs when the target was being towed. 

Strajzht flight wes mainteined by constant refersnee to the 


directional gyro. 


DI WISSICHC FF RESUME 
The dsta ohtained from the sever different test 
cerditions woe plotted in Ties. 4 through 17, ani resulte 
computed from these curves — listed in Table IT. ^s the 
analysis of results was ent in all seven coßrixurations, 
cnly tte power for level flicht run at 100 mph will be discuss- 
ed in detril. | | | 


&t V, = 100 moh, d was found usin= the aircnaft 


1 
Աթան ծո grror chprts to be ؛‎ 27 bga per sq. fta, CT was 
ES and by, wos 2.3 Ft. 

Pron equation (@), 2347 -.09769. CA n (11) 
gove e value for Caa” dert. 

Using equation (10) end an aileron Jeflection at 
Ko cideslip from Fir. 6 cf 5.69, the aileron control power 
B1 


Peom e"pation (1?) eme "a. 7, thg f gt اد اا‎ 


meticn of tbe rudier control power was Ch, = — 22974. 


se Vg 27/6. 
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Now the proporticnality factor Kz coul? be 
computed by eruntion (13), using the control deflections 
et zer هه‎ πώς tous: -,//6 - په‎ 

لر چو وره و/ zu‏ 


Tierntion of these coefficient 


(3 


hy ecuations 
(14), (15), era (13) proiuced tre followinz final velues: 


s 7 
ly 


n 
τα 


Az = -.107 


- 119 


n 


"Pom ecuntions (4), (5) ra (6) the three seconài- 


Ary cortrol moments were foung to be 


E = -,236 

y > 

σι = .Ը166 

S = -.0138 
nou 


Pinaelly, usinr tre 7011 angle, rulder anzle anà 
E lero” amg le salones from"; ο, the etetio "Wierg! 
derivatives for ντ 1ος mph were determine? from ecuations 
ο ο, ο) տո (175). 


N ո شو‎ Բ 
“VB BAS 


1 


- .Q865 


A 
i 
| . 144 t 


6 
ΤΩ 
Bxamirntior cf the results in T»^5!e 717 shows the 


ո 


variaticns in tne comput+4 values of the primary cortrol 
“owera, seconasry control powers and stability deciveatives 
with tre change in sp*ed nd power cecnditions. Thede 


variations are to be expected end tte influencing factors 
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are 3864121163 below. The linitine .accurecy in these cal- 
culstions was felt to be the inherent inaccuracy involved 
in measuring nà recording fligit test data, then subse- 
quertly friring curves and nttenpting to read control de- 
flection diffecverces closer tnan 0.19. In particular, the 
alleron deflection measuring system wes attached at the t 
control column and thus no accurate eccount could be taken 
of cable stretch even theugn attenpts were made to "Toma" 
tre ailerons during tre ground calibrations. 

Table TI and File. 18 show that "Ma decreases 18 
apesd Increraes. Since aileron contro] cable stretch would 
increase ag dynamic pressure increased, this could pra 
contribute toa tre reñuction in gileron vower at Higher speeds, 
The rormal leasenins of rileren power as Cr decreases and 

| 
any wing twist at higher speede would also account for some 
of the noted ratuation Jn "ai 


P 


From Tawle JY πουν. 18 Or. 18 seen to decrease 
Sr 

νη ar increase ip velocity. Since the rudder lies within 
ՆՈՑ alinaires”, thie would be expected. *%s forward speed 1s 
inerested, toe effect of tre slipstreám مه ,6ه مم« م16‎ 1858 
σσ jgexert@d by the ruzigsc per degrees of^4ef'ectíion. 

ο}. 18 η funeti@n of 9 end might therefore he 

9 ス NS 

exoected to decre^se ng velocity incressea. However, es 
velre!ty ircresses the rre’e of attack ¿scronses, This will 
inerte h. end from ecuation (5), 15h would "e incressed, 


The sileren 31617٣ ده«‎ yaw, is soon to decrease 


ο 
tla 
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with speed. Meron Pave rse yew 18 vartially tre result of 
the increase in induced dres which accompanies the increase 


in lift of the wine when the aileron is deflected downward. 


^ 
3 


th 


Mee mi 15 “< furctih et به‎ it iq expected amet 
it would tend to decrease re velocity increnses., | 

The cide force derivative, 27 , asuld “theoretical ly 
SUV censtert with cnare>s in speed. The minor varletiona 
Ei in 2515 11 ԲոՎ 32. 19 could քՕ981517 ve Grused h^ 
er in tae interference apad Tau Grr ects of the 
fuselare and sljustream ^s speed je change., This would 
ποῦ tneganz'e of attack of the vertical tsil nifferently 
Aat tia ii ferent speeds 2nd power WT 5. 


D'"ectional sterility, le a most ex2lusively 


f 
"në 
Ա ՐՊԼՈԾՎ1 by the vertical teil. Gimme the vemticrl tail 


Ties within the atinstrenn, woul' be expeo*^d to decrease 


ne 
^8 slipstreem becomes less ef“ective, j.e. 99 amee? increases. 
meno Wee notes in Table TT ^43 "Mas 19. COROS τρ np at 

Ee sre peed nand 11:۳ ον power settings, O TI shows 
Ghat the divecticnal .,ԶԵ»Ե11Ն7 18 ԲՂսՇ64 ay δα cower 

15 Incressed. This mignt be eéxplsinsi by the fact that 

tractor propellers are dectabilivzinge as tre power is .7م‎ 
p 1s seen to 


aherze very little witn veloc"ty. A possible reagon for 


նթ expected, dihedrel effect, 21 
1 


ՄԱ աարի Necreere m "ig «ag Dower 13 Ίπουθάμος NE har tL 


ιδ 


cpees دو‎ that tne ՔՂՂՓՂ stiretrean Te to the power sepe over 


ORS wire more them tire otüevr Փո the Sircraft ۹ه‎ cide Lined. 
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Thls introduces a rolling mcment which would decrerse the 
magnitude of Cig ° 

It te AITTicult 10 explain the varirtilons seen 
in Table II emi on mie, LE and 19 in the computed values 
of the several derivatives when the flaps were 3eP ieoted 。 
Some of the vrriatjons can be ratjonelireä however, and 
these will *e discussed. Since the flaps tend to interfere 
with the flow of the propeller slipstream over the „vertical 
usil, thie reiveti oman و‎ is to he expecte3 even though 
the speed 1s lower. The minor veriation of C1 ,, from what 
would he expected at low speed ia not axplainable. 

The flan hinge Vine on the test ajrersft was 
swept forwerda A smell enount. This wou'd partially account 
for the increase in ۱116 5۹6 er Gy g and the decrease in 
Glg . the interference of tne deflected flans with the 
iostream would Also ۳06-٥ 6  ՀՅՇՐԹՀՀՏ Մ" UE cf Ong 
Eum $léan condition. 

A refin ment jn the method of solution for primary 
and secondary control moments could have been used if an 
accurate determination of yawins moment of the welzht and 
ro’ling moment of the sleeve bad been nade. In this pro lect, 
Somb Jreg was calculated end found to be neglisible. tolling 
moment of the sleeve could be fourd if an accurate Aeternina- 
tion of the argle between the tow line »rà the njror^ft'a 
X axis ("Nertzon) were made. 


Then from equation (3)(b) ard (8), reve-ted here 
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t 


Cea B ՀՏ OM, 5. f σα d = (35) 
Chr Gr (8 J 


two difference equations at zero sideslip could be written: 


OT 1 E T Car A dM > p μι Γ O (18) 


το Du. +C EO (5) 
The first »nproximátion of Cy, 48% woul3 cive an identical 
anower for οι. as the method used in this nepert.. However, 
with an accurate contro! iefleation mersuring system end the 
above mentioned moments, it'was felt that simultsneous 
solution cf trese equations would provide a more accurate . 
determiretion of Oley which would net *erend on the question- 
able me°sured velues of hy and ly. 

Similerly equations (3)(c) end (11) can be written 


aa difference equations st zero 9۰6 
G ` 2 n ir Cr A et G ασ. = O (20) 


ώς, Aa SLEEVE E Ca A dert rr, E DONE... VE 5 O (2 /) 


Solutien of these equations gives 2 


2 ana 5 withcut the 
ne, a 


ng 
iteraticn proceture previously used. 
It war felt thet Static flight teating procedures 


are ess1ly accurate encugh to justify this methods of solution. 





CONSLUSTONS 

The flizht testing recuired for tois method of 
Jeterninetion of the static Ieters!] and directionel stability 
derivotives is -elatively easy to perfcrm. 

The primary and cecendery eileron and rudder control 
moments #re detornined directly by the flight tests. 

Instrumentation necessary to obtain reauired flight 
test T is not complex pná is resdily availleble, 

teducticn of fiteht test ¿rta =na the computations 
necessary to extreoct the strubility der’vatives sre fest ^ni 
Etrejkehtferwrri,. 

The dir’ctions] stani1l*ty ard effective dihedral 


were tourd to chanse markedly with sirersaft ve’ocity. Tor 


“τ 


end Sig 7° speed Irnsrereel. Therefore, It la recommended 


the aircraft teated, t-ere wes a distinct fAecre>se jn 


mom 11fforent conf i:sur@tiens. 
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TAS Tes TY 

DESRSOMIPTICH CF SYMSOLE 
Airplene velocity f.p.n. 
"inz arem (sq. Tt.) 
Wine an (its) 
lenzi ergi to vertical tail centroid (ft.) 
Vertical toh] e@ntroid to X axis (ft.) 
Airplane Tif eoerrircrent 
DINA prébesure (lbs./sa. ft.) 
3198 force co@fricient Y/da 
Rol? ing moment coefficiert L/asb 


Yawing momert coefficient 575 


 Alrolena relative dersity m/f ab 


Differertial orerator ° 


3jJeslip argle 

Yaw ۹6 

Bank angle 

{udder angle 

t41eron argle (average) 

si2e°Torce derivative 2626 (per radian) 


Directional gtehbility derivetive ghee Dye (per radian) 


Dihedral effect 964/98 (per radien) 





TABI Geil 


Tevel Flicht Power 


1800828 19001278 2000 9۷ 


νι RO 100 120 
q T. T m 37.9 
- .01204 -.00769 -.00567 
a3 omb | 
Շը ¿OSO e LOST 00807 
Sleeve.” 
SL 11 “519 3 
Ad, 47% 3:1 Sule? 
Rom» á 证 
15 or, ος 1 
..... > 
Ad, 4.69 4.89 4,80 
. 3"eeve © | 
Ada q. 29 1.19 ο ας 
j'eeve 
E. . 152 .124 TON 
Νας, -.151 -.119 -.107 
Kz -,5180 -.187 - .032 
219 "0130 .C166 0166 
Az 
Na -.Ը561 ամպի Է` 0052 
Ὃς . 291 «726 8205 
SL 
Ya 39 158 .87 
vb Ք. 1 - Ἡ 
452/46 AT ‚55 „57 
“YA -.616 -.546 2 595 
2 -,C905 -.0865 -,08»2 
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Maximum Continuous Power 


2300RPM 2300RPM 23001ΡΜ 
28 ` 100 120 

ՊԱՊԱ at 37.9 
-.01204 -.00769 -.00567 
ο *.80971 ما‎ 
«811 ‚519 „390 
4,30 ER 59 „9° 
a? ¢ ° GC 

4 .95 5.60 5.7° 

6 ee ل0‎ jo 


Իշ 


. 164 .1.- E100 
-.140  -.105 -.092?5 
-%37 -,209  -.124 
¿0118 - .0851 5 

-,.05€8 -.0270 -.Օ124 


266.200  .176 
> a .87 
Yu? 396 1.359 
a eu 
EET ԱՔ" 


-.0957 -.CP14 -.0736 
Dec . 140 115 


25003PM 
FF 
TO 
5,6 
- .O1568 
nO 1OCO 
6 
d - 
cri” 
πε 
9759 
ΙΡ 
-.112 
SET لي‎ 
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